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(54) Process for creating five to seven color separations used on a muftioolor press 



(57) In a mettiod for creating at least five to seven 



color separations for input info a ra^er image processor 
for creation of at least five screen separations Ibr use 
wHti at least a five color press to create at least a five 
color printed page, a scanned digitized image Is created 
represented ksy at least three digitized color Image sig- 
nals. These at least Uiree digitized color image signals 
are input into a digital color separation computer. TTie 
digital color separation computer is used to create at 
least five single color unscreened image separations in 
the ibrm of computer files. The computer files are input 
into a raster image processor to cresite at least five sin- 
gle color screen separatior^ in the form of electronic 
signals. The electronic signals are then fed to a film 
recorder to create at least five single color screen sepa- 
ration films used in cor^ncll<»i with a five cotor pre^ to 
create the at least five color printed page. The dlgftal 
color separation computer confutes four color signals 
from the three digitized color image signals of the digi- 
tized inrage arxj then creates a fifth color signal tsy 
searching for a maximum saturated color from among 
three odors derived from the at least three digitized 
cotor image signals. Correction factors in the torm of 
tat)les are created representing various printing envi- 
ronment parameters. TTiese correction factors are 
applied to the at least five cotor ^'gnals to otatain the at 




least 5-color separations. 
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The invention relates to a method for creating at least five color separations for input to a raster onage processor 
(RIP) for aeaticn of at least five ween separations for use with at leatf a five cofor pr&a to create at least a five color 
printed page. 

BACKGROUND OF THE INVEMTIQW 
PrlfitinflWith4f^«« 

The printing industry depends upon the melameric properties of the human ^e to fool the perceiver into believing 
that a range of a huncfred thousand colors are present when In reality there are only three or tour colors on the page. 
Theoretically, only three colors are necessary to stimulate the eye and create the appearance of a vast range of cdors. 
In reality, four colors are needed because the standard three printing cotors (cyan, magenta, and yellow) have pro- 
nounced liirntBtions. These limitations stem from significant impurifias in the magenta and cyan regions. The presence 
of equal amounts of cyan, magenta, and yellow should produce a ^turated black when applied to white paper under 
suitable vlewirrg conditions. In actual observation, equal amounts of the three standard inte produce a brownish-green 
colored black. Since the majority of ail printed pages are dominated by black ink - because meet pages are textual in 
nature - the printing industry has added a natural blad< to the three oolored Inks to produce 4>Golor printing. 

Desktop PufaB^img (DTP) has become so dominant today that the majority of new color pages are produced from 
personal computer files. This means that typical printed pages are created in some form of DTP application program 
{JSkB Quark Xpress (TM)). wHh the color Images residing in the final PostScript representation as an EPS (Encapsulated 
PostScript) file (PostScr^ is a trademark of Adobe Systems). When composed pages are ready to generate final films, 
the PostScript file is separated Into four or more "layers" that represent the fundamental printing cotors. Aside from the 
standard 4-color process inks of cyan, magenta, yellow, and black (abbreviated as CMYK), extra cotorants can be 
added as "spot colors" to enhance specific colors (such as a Pantone fTM) 222. etc.). Spot colors are not oonsWered 
In this specification. 

Creation of 4>Coter Separations 

In the DTP mari<et. the majority of images are stored &i a red, green, and blue (abbreviated RGB) format Most low- 
cost scanners can only provide BGB colons to the computer because the scanner has no sophisttoated procasdng 
power. Also, most application programs that manipulale images want RGB as the primary color space. Some programs 
allow for Cyan, Magenta. YellGW. and Black (abbreviated CMYK) odor files to be maniputated, but most convert Images 
into RGB so that they can be quickly viewed on cofor monitors. Almost all DTP image prcx:e88ing applications perform 
Imaging operations In a ROB (or another tristimulus) odor spaca TWs Is both lor simplicity of confutation, and to 
reduce storage space in memory RGB images are typically 24-bits (S-bits each for red. green, and blue), whereas 
C3MYK are typically 32-Ws (8-bits each for cyan, magenta, yellow, and Wack). There has been a tr»Kl recently of 
increasing the color depth of primaries from 8-bits per color, to 12-bits. and even 16-blts. per color primary. The tech- 
nk^ues set forth in this speofication are easBy extended from 8-bit primaries to 12-i3it and .16-bit primaries, with an 
accompanying decrease fri computatfonal speed and increase in storage requirements. All descrlpttons In this paper 
will be based upon 8-bit primaries unless specif Icafly stated to the contrary 

WhenaDTP pagelsflnally ready for produdton, it must be separated Into the four primary colors used on the print- 
ing press (more If spot ootors are involved). Until the advent of Adobe's PostScript Level 2. all separation processing 
had to occur before the PostScript files were transmitted to the RIP (Ftester Image Processor) which created the elec- 
troriic signals which an imagesetter uses to expose film. This was necessary since the original PostScript (called Post- 
Script L^vel 1 ) dkl not support the mathematical operations of tran^ming cdore from the mput images into the output 
separations in a manner tiiat matched commercial printing practice. PostScript Level 2 should be able to do this In the 
future, once Color Rendering Dictionaries (mathematical transform tables) can be calibrated. 

The process d transfonming RGB (or anotiier tri-stimulue) cdor space into a CMYK color space is a "one-to-many" 
process. A fixed set of three numbers that make up the RGB values produce a unique odor. CMYK corsists of four val- 
ues, and there are a large number of CMYK combinations that can provide a very reasonable rendition d the oritf nal 
PGB set. There Is no "exad" algorithm to go from RGB to CMYK. HlstorfcaOy, transformation tables were constructed 
that m^ped the visual space of RGB into resulting CMYK values These transforrations were often performed by an 
errpb-ical triaJ-and-OTor method. From a given cdor table of 1 000 entry points, Interpolatfon was employed to map the 
remaining 16.7 mlBlon odors d RGB to CMYK by choosing nearest neighbors d tiie known odor values. The interpo- 
lation schemes for computing resulting colors from the fixed table values are well known. 
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In oontrast to the lable-and-interpolate" method of color separation, there is another method that us^ transtornna- 
tion matrixes. Rather than attempting to make an empirical grid of colors that span the printing color space, and viter- 
polate between them, the other method fixes some "end poinT oolors and uses matrix muHipiicalion to Isest fit" the color 
space. Both 3x3 and 4x4 matrix muKplicaiions, often coupled with lookup tables (LUTs). do a "best fit" to a series of 

5 step wedges In each primary color plus secondary colors, the absolute color value (typically in a CIE Lab tri-stlmulus 
color space) of the step wedges are measured and used to provide statistics of how well a color match is made. Param- 
eters are acQusted within the matrixes until a minimum error matrix is achieved. Once the Iralnirg trials'* have condi- 
tionad the parameters wft^ the matrixes, then any RGB input set can be trarslormed with matrix multiplkMttons to 
obtain a CMYK result. The advantage of the transformation matrix solution is that only a few numbers are needed to 

70 describe the process (typically less than 40 values). The disadvantage is the tremendous amount of mathematical cal- 
cutotion needed to transform an image that typically measures 3,000 pixels by 5.000 pixels. A pixel is the smallest cell 
in a digital image. Traditional, high-cost pre-press scanners have always transformed the intrinsic RQ3 signals from 
their sensor arrays into CMYK by using the "table-andHnterpolate" method. The earfiest machines used analog elec- 
tronics that depended on a sizeable number of potentiometers to set the "control points" for the color tables. Later ver- 

Y5 sions of the traditional scanners used digital dedronks to Interpolate the RGB to CMYK table points which were 
typically entered via control panel digital knobs or from computer keyboards. Only since 1 985 have there been special- 
ized floating point coprocessors and DSP (Digital Signal Processor) chips wHh sufltelent capacity to allow a transforma- 
tion matrix approach to color separation. The transfonrotion matrix approach is the basic technology of PostScript 
Level Zs Cotor Rendering Dictionary. Although PostScript Level 2 allows programnning of lable-and lnterpolate" algo- 

20 rithms within the RlPs. the standard method of color separation is based upon matrix multiplicatton technology. 

PostScript files with color images embedded in them are cun^ently separated into four distinct Postscript jobs wHh 
each Job containing the information lor a specific printer cotor. There are some DTP appBcattons (for example. Aldua' 
PrePrinO which wilt separate a single Postscript job containing either RGB or CIWYK images into the four separate Post- 
Script Jokss which contain information for only a single color. There are other DTP applicatkins (Ibr example. Quark's 

25 Xpress or Aldus* Pageiy^kei) which perform the 4-cok3r separations internal to the program, and generate the individual 
PostScript files already separated into the conponent colors. 

The cun-entcfisadvantage of both the lable-and-interpolate". and the transformation matrix methods of 4-color sep- 
aration, is infiexibyity. Once the tables fbr the "lable-and-interpolate" are created, often by hand in a tong and laborious 
process, they cannot be easily changed to aocommodate a new set of printing Inte or a new printing paper stock. The 

30 inflexibility accusation also extends to the "best fit" parameters fbr the matrix multiply coefftdents. Once they have been 
determined for a given set of printing conditions, the process usually has to start all over again if the conditions change 
in the slighteet manner. 

Creation of 7 Oeiinr fW^parrtion 

35 

As a result of the Ink impurities present in the 4-color process printing, prmfers have experimented ov«r the years 
wHh using 5. 6, and 7-oolors to produce color images. These additional colors are not "spot colors" used to create spe- 
cial effects (like luminescent inks). The adcfitional colors are intrinsically part of the color separation process to create 
realistic images. Haraki Kuppers (U. S. Patents 4.812,899 and 4.878,977} has used cyan, magenta, yellow, black, red. 

40 greeaandblue(CMYKRGB)tocreatesome6tnlQnginiagesfortheDRUPAl990printingshow. Deutscher Drucker, Nr. 
11^.4.1990. See pages l-Vlll In the article "Die &lebenfart>en-Evolution-elne neue optische DImenston". Beyond the 
standard CMYK colors, the additional colors - red. green, and blue - provkie more realistic color than combining two col- 
orants iTom the traditional set (CMYig whtoh together would create the illuston of a red or green or blue. The Increased 
cok^r gamut of using seven primary inks can more accurately approach the ootor range available with cotor monitors 

45 and photographic color film. 

Creation of such 7-oolor separations in the prior art have encountered difficulties for a number of reasons. There are 
press environment problems encountered in such nuilti-color printing by printing press operators in which more ttian 
four Gok)f5 are used to produce color Images. With half-tone screening of more than four color separations. moir6 prob- 
lems can develop above and beyond those which might occur just with four color printing. Transition from four color to 

so more than four colors can require in prevtous methods re-caBbratlng the entire system. Rnally prior art printing with 
more than four cotors typicaDy only handled contone {CI) parts of a page. 

SUMMARy OF TOE INVENTION 

65 It is an object of this invention to provkie an Unproved method for creating at least 5 to 7 color separations which 
can K>e used in either a traditional pre-prese environment or in the PostScript environment, and which solves the afore- 
mentioned problems In the prior art 

The present invention solves the aforementioned problems in the prior art In Ihe following ways. Correction Tables 
are provided which separate out press environment deficiencies into unk)ue tables which can be modified by printing 
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press operators. The inventive method employs haff*tone screening on 5 to 7 color images without special coneidera- 
tions to remove or minimize moire problems. The steps of the present invention allow for a high speed implementation 
to produce oulput. There is no requiremant tor f loatingijoint operations to be performed In the compLrtation steps of the 
invention. This is quite unique for any color calculations that involve interpofatfon. With the pr^ent invention, a quick 
5 transition can be made from 4 color to 5 color to 6 color to 7 color output with a minimum of table acQustmanL Prtor 
methods vvould have to start by re<alibratnig their entire system from fast prindpiea With the present inventfon, sepa- 
ration of oolors can be pertonned at the PdstSalpt RIP stage in the printing process. The separations in the present 
Invantton extend to both the linewDrk (LW) and lha oonrtons (CT) part of a paga Pncr art separation processes will only 
handle CT parts of a page. 

10 According to the present invention, a method is provided for creating at least 5 color separations for input to a RIP 
tor creation of at least 5 screen separatfons for use with at least a 5 color press to create at least a 5 color printed page. 
A scanned digitized image Is created comprising three primary oolors by use of the scanner. Thereafter, the digitized 
image in the form of three digitized input oofor image signate is input onto a digital ootor separation computer which is 
separate from the scanner and which creates at least 5 single color unscreened oontone Image separations in the form 

15 of computer files. The at least five computer files are ir^t to a raster image proces«)r (RIP) to aeate at least 5 single 
screen separations in the form electrical signals. The electrical sigrmis are fed to a film recorder to create at least 5 
single odor screen separation films emplcyed in oonjunctfon with at least a 5 color press to create the at least 5 color 
printed page. 

The digital computer used to create the at least 5 single color unscreened frnage separations emptoys a groif) of cor- 
20 rection tables that contain correction files which are init^ly created with default values. This table groip conprises a 
plurality of tables for various press environmental conditions. An Intermediate stage of oonesponding 4 cotor signals are 
computed from the three digitized cofor imager signals of the scanned image. A fifth color is created from the four cofors 
by searching for a maximum ^turated cofor among the three digitized color image signals. Confection factors from the 
table are applied to the four colors phis the fifth color to obtain at least 5 sir^le color separations. 

BRIEF DESCRIPnOM OF TOE DRAWINGS 

FlQ. 1 is a block diagram illustrating the process steps for creating 5 to 7 odor eeparations on a multi-cotor press 
according to the present invention; 

30 

FIG. 2 is a schematic representation In the form of a color wheel showing how additive colors are related to sub- 
tractive colors (CMY) as is known in the prior art; 

FIG. 3 is a schematic illustration showing Look Up correctfon tables (LUTs) empfoyed in the process of Figs. 1 and 
ss 4 for the creation of at least 5 color separations; 

FIG. 4 is a flow chart for illustrating in greater detail process steps of tiie color separatfon computer shown in FK3. 
1: arxi 

40 FIG. 6 is a perspective view of the eo-called delta con-ection table also empfoyed in the process shown in Figs. 1 
and 4 for the creation of at least 5 odor separations. 

PESCRiPTlOW OF THE PREFERRED EMBODIMENTS 

4S FIG. 1 generally illustrates at 1 0 the process according to the Invention for creating 5 to 7 color separations used In 
a multi-color press. An image scanner 1 1 scans a contone {CT) image (which can include Iffie work (LW) such as text) 
to create tfiree color contone image signals, typically R, Q. and B. The image scanner 1 1 may also scan linework (LW), 
such as test or fogos, to also create R. G, B signals. Altemativeiy. a disk 12 may be provided having stored tiiereon a 
3-cofor contone image In anottier alternative, a disk 13 having a computer generator 4-color contone image thereon 

so may be provided where the odors are. for example, CMYK These odors can then be corverted in a oonverter 14 using 
commercially available convereaon technkiues to OOTvert the 4-color6 (CMYIQ to three colors (RGB), for example. 

Of course the oonputer generated image on the disc was originally scanned in a scanner into the computer which 
created the disk. Thus, all of tiie digitized images on ttie dsks or from tfie scanner were created at some pdnt from a 
scanner, and. thus, hereafter wai be known as scanned digitized images. 

SB The scanned digitized image from one of the inputs 1 1. 12. or 13 is then input in tiie form of Uvea Input digitized 
color image signals RGB into the digital cotor separation computer 15. it is to be understood that the term digital cofor 
separation oomputer merely Indicates any general purpose computer which performs tiie process of 5 to 7 color sepa- 
ration as described in tills patent. These three digitized odor image signals are often refen^ed to ^ a digital tristimulus 
signal. The color separation digital computer 1 5. by programmed steps descrit^ed hereafter, generates at least 5 single 
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color (contone) unscreened image separations in the form of computer ffiies. These computer files are then fcnMarded 
to a oommercially available raster image processor (RIP) as is well known in the art, to which is attached a recorder as 
shown at 16 for creation of color screen separaUor^. As Is well known In this art the raster Image processor (RIP) con- 
verts the contone color files and PostScripft drawing instructions into electronic half-tone screens represented t^ elec- 
trical signals which are then fed to the laser recorder for exposing film, the exposed fOm tor each color representing a 
so-called screen separation, with one screen separation for each of the at least five colors. 

Because of advances in oomputer techrK)logy and processing power, it is entirely faasitsie and within the scope of 
this invention to permit the digital color separation computer 15 to share hardware with the RIP 16 shown in Fig. 1. 

Thereafter, the at least 5 screen separations are transformed into at least 5 printing plates via a photographk: expo- 
sure of the screened films on to metalized printing plates (paper and polyester plates may also be employed). Thereaf- 
ter the at least 5 metal prniting plates are mounted on the 5 or more printing stations of a commercially available 
printing press 1 7. The 5 or more color press then prints a customer page 18 in at least 5 colors, as is well know to those 
skifled in this art. 

When the term "5 cotor press" is used in the present contesct. it should be understood that this coutel be a 4 color 
press in which the fifth color separation is employed after running the four colors. Similarly, for a 6 or 7 color press, it 
might a 4 color press where the three separations are then run after running the first four colors. Alternatively, of course, 
5, 6p or 7 separata press stations oould be employed in a true 5, 6, or 7 odor prees. 

Prior to creation of the at least 5 color separations by the digital color separation computer 15. correction tables 
were first generated. These ooaection tables are of two basic types. As shown in Fig. 3. look up fables (hereinafter 
known as LUTs) tor printing environment parameters are created. These are shown and explained in Fig. 3 he'eafter. 
A second type of correction table known as the color correction table or A table (hereinafter referred to as the A table). 
Is created which provkies oorrectfone to model real worid inks. A color correction table is eocplained with reference to 
Fig. 5 hereafter. The use of the LUTs and the A table by the digital color separation computer processing is shown in 
greater detaO in Fig. 4 as described hereafter. 

Now a broad description of the process steps pertormed by the color sqoaration digital computer 15 wiD be 
described. Inftlaliy. as shown at 15a in Fig. 1. the correction tables are loaded (that is the LUTs and the A table). As 
shown at 15b, the computer 15 then computes corresponcSng 4 color signals (CMYK) from the input digitized color sig- 
nals (RGB), and also derives three cofors from the 3 digitized input cotor signals (RGB). 

Thereafter, as shown at step 15c. the oomputer 15 creates a fifth color from the 4 color signals (CMYK) tsy search- 
ing for a maximum saturated ootor from the three derived colors in step 15b above. Finally, as shown at etep 15d, the 
oomputer 15 creates the at least five contone color separations by applytog oorrectlon factors from the correction tables 
(A table and a plurality of the LUTs) to the five cofors. 

Qvervicwf Off Coior Separation Computer Pmceaa Steps 

The color separation oomputer process employs a simpTrf led mathematical expression for the relatfonships of pri- 
mary colors, plus a correction table, to pioduce the desired separations. The process can produce 5, 6 or 7 ootor sep- 
arations. For simpikaty, the steps fbr Implementing 7 odor processir^ are descrS)ed. The stepe described are also 
applicable to creation of 5 or 6 color separations and to produce separations of a lesser number of primary cotors than 
7. the computer program usee the standard CMYK components to produce whichever of the RGB cofors is not present 
In the tr^itional way. The con-ection table would have no entries for the RGB cofor(s) which are not present. 

There are basic mathematical formulae that relate how additive color primaries (RGB) are derived from sut^tractive 
cotor primaries (CMY). The fallowing formulae assume that RGB and CMYK are specified In percentage values with 
100% meaning that the color ia folly applied or "on". It also assumes tiiat 0% means that whatever is beneath the cur- 
rent color is allowed to show through, or that the color Is *'ofr. In real practice, the RGB and CMYK are specified as 8- 
bit values having a range from 0 (meaning "off) to 255 (meaning full 'on*)- Percentage units will be used through this 
specification to simplify comprehension of the process although 8-bit (or 12-bit or 16-btt) primary values are used in the 
actual program: 

Ra100%-C (1) 

G«100%-M (2) 

B»100%-Y (3) 

Since the color white (W) is the presence of equal amounts of RGB (the additive theorem), and the color blacfc (K) 
Is the presence of equal amounts of CMY (the subtracthre theorem), the following equations are true: 



K (black) a Min(CMY) 



(4) 
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W (wftrte) a Min(RGB) (5) 

wh^e M\NO refers to selecting the mimmum of the colors shown in parentheses 

While equations 1 -5 are true for theoretically perfect colors, they are inadequate to desaibe commercial printing 
5 Into where the magenta ink often contains as mu<^ as an 18% contaminalion of cyan, and the cyan ink may contain up 
to 8% magenta. 

The odor separation computer process starts with equations 1 -4 and then compensates tor the inpeifact Into, dot 
gain, ink tack, and other print shortcoming t)y means of a zero-based correction table. 

Figure 2 shows on the oobnwheel 19 a schematic representation of how Ihe additive colors (RGB) are related to 
10 the subtractive colors (CMY). If equal amounts of yellow and magenta are mixed, the resultant cok>r is red. SimSarly. 
equal amounts of oreen and tslue wouU yield cyan in a prriting environment The basis of the 7-coior separation in Ihe 
cotor separation computer process is to find the two dominant odors in the CMY odor space, and than detemrrine whteh 
BOB cdor wfll replace the smaller of the two dominant cotors. TTie fbitowing example illuatiates the basic ootor process: 

rs 1) initial color is: R- 70% G- 62% Be 30% 

2) convert to CMY from equations 1 -3: C = 30% M « 38% Y » 70% 

3) find K using equation 4: K = Min(CMY) = 30% 

4) remove Kfrom CMY: C = 0% M' = 8%r = 40% (steps 2) ihmugh 4) coirespond to 15b in Rg. 1) 

5) find the two largest primary colors: 1st Is r at 40%, 2nd Is M* at 8% 

ao 6) using the odor wheel in FKl 2. Y and M yield R at 8% (the amount of the smaller of the two dominant CMY 
oobrs), ' 

7) renwe R amourit f rom r and M'rC" = 0% = 0% Y" « 38% R = 8% C" = 0% M-" = 0% V" = 38% R"* = 8% K*" 
= 30% 

26 The use of Y, Y*. and V d^otes the changes to the yellow color during the various process steps of color separa- 
tion conf3uter process of the inventksn. The same is true for M. C K, R, G. B and their primed quantities, respectively. 

ISkste that, in the prececfing example, we started with non-zero values for RCfi, and ended up with non-zero values 
lor only three cotors: yellow, red, and black. This is a property of the t«e of equations 1 ^ and the supposition that equal 
amounts of the subtractlva cdor set will produce an equal amount of the proper additive color. The example is greatly 

30 simplified to show the basic f tow of how the process worka In reality, if we start with non-zero values of RGB, the cdor 
separation computer process will typically yield non-zero values for f Ive of tiie 7 color primaries 

An adcfitional feature of the color separation computer process is that one of the five non-zero values will be very 
dose to zero percent (typically 4% or less). This means that only four primary colors (of the CMYKRGB seQ will be print- 
ing at any single pixel location (or in a rosette striKilure). The advantage of this feature is that the molr6 problems that 

ss have typically been associated with previous experiments in 7-color printing will be non-existenL Neither inational tan- 
gent saeening. nor the HPS screening (High Precisksn Screening) of Linotype-Hell, produce any noticeable molr6 with 
4-color saeening. Since the cotor separation computer process only produces four colors at any point in an image, tiie 
traditional screen angles of 4-co!or printing will be completely sufTicient to solve moir6 problems in 7-color screening. It 
also means thst stochastic screening for 7-color images will produce very similar resufte to stochastic screening for 4- 

^ color irr^ges, since only 4 inks will be present in any given rosette or pixel. 

Cotor Separation Compular Pme ass In Daiaii 

Cdor separation in commercial printing has to account for impurities in the ink (known as additivity failure), dot gain. 

4S maximum dot percent, color cast of the printing stock, variable Ink trap depending on the order of color on the press, 
etc. The term "maximum dot percent" (or "max dot percent") is a phrase well known in this art and refers to ttie summa- 
tion of all colors of ink at a given point In the image. To compensate for these various problems, hereinafter known as 
press environmental conditions, the invented process has a number of LookUp Tables (LUTs) which attempt to sepa- 
rate out these various problems from the simplistic approach to color separation outiined previously. These Lookup 

so Tables (LUTs) are shown in Fig. 3. The advantage of such LUTs Is that they facaitate a change In the printing process 
(for example, the use of different cob>red inks) with only a small ruimber of parameter changes in the entire process. 
This should be compared to the naWe-and-witerpolale" or the transformation matrix methocte. where a change of print- 
ing mks would necessitate a complete re-callbraticn of the entire system. 

Fifteen different LUTs have been selected as representative of primary press environmental param^ers that need 

BS afteration in the commercial printing environment These are single varlat)le lookup tattles (8-bit} with single output val- 
ues (8-bit). Higher or lower precision tables could be used, but the uniformity of all LUTs to the same resokition greatiy 
simplifies the programming aspects. 

The LUTs shown in Fig. 3 generally are created for the following printing environment parameters i3ed in the cre- 
ation of the at least 5 odor separations according to the invention: 
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LUTs Clin, Mlin. Ylin: 

smooth cliromatic black determined using step wedges of overprinted CMY: property off the inks 
LUX KlatJie: 

5 smooth achromatic black adjusted for maximum dot density and textual blackness of page: property of paper and press 
condition 

LUT UCA: 

deter mines "richness" of black on page, adjusted for noximum dot density and prvit-through on a specific paper: prop- 
10 erty of paper and artistic content 

LUTsYM. MC. CY: 

needed to boost or retard s^ndary colors for bright visual effects; determined by using overprinted step wedgee of 
YM, MC. CY: property of inks and artistic content 

lajTe Cout, Mout, M>ut, Kout Rout, Gout, Bout: 

output linearization to match press changes and small Inkdensity changes; deternnined by primary and secondary out- 
put step wedges: property of printing prees and paper 

20 The following list more specifically names each LUT and identifies its use: (See Rg. 3} 

Table 1 . LUT definitions 

1) Clin(C): this LUT shown at 42 in Fig. 4 takes cyan as an input variable and Bnearizes its output so that equal 
26 amounts of CMY. having been processed through Clin(C). Mlin(f^). and Ylin(Y) wiO yield a neutral black. 

2) Mlin(M): this LUT 43 takes magenta as an input variable. See Clin(C). 

3) Yrin(Y): this LUT 44 takes yellow as an Input variaWe, See Clin(C). 

4) IQable(K): this LUT 45 takes black as an input variable and directly determines the amount of black that will 
appear in the Imaga This LUT directly affects max dot percent in an Image because black typically dominates when 

30 I6ur colors print 

5) UCA(K): this LUT 46 takes black as an input varl^le. The amount output from the table represents the Under 
Coksr Addition (UCA) amount of color that is to be removed from the skeleton black, and rejoined to the 3-color 
t\Bdk of tiie CMY components. This LUT directly affects the max dot percent because it causes roughly 3 limes the 
rr^ dot percent to increase for every unit of max dot percent it removes from the K component. 

3s 6) CY(min(CY)]: this LUT 49 takes the smaller of cyan or yellow as its input. Its oulput is the amount off green that 
will be enfianced or retarded over a cfirect substitution amount This output is removed from txith C arvi Y and 
addedtoG. 

7) YM(min(YM)): this LUT 47 takes the smaller of yellow or magenta as its input. Its output Is the amount of red that 
will be enhanced or retarded over a direct substitution amount This output is removed from both Y and M, and 

40 added to R. 

8) MC(nriin(MC)): this LUT 48 takes the smaller of magenta or cyan as Its Input. Ks oulput is the amount of blue that 
will be enhanced or retarded over a direct substitution amount. This output is rennoved from both M and C, and is 
added to B. 

9) Cout(C}: this LUT 50a (part of LUT group 50 shown in Fig. 4} takee cyan as an input vari^e and conrects the 
45 final output cyan amount for linearization and dot gain of the output devica 

10] Mout(M): this LUT 50b takes magenta as an input variable and corrects the final output magenta amount for 
linearization and ctot gain of the output device. 

1 1) Yout(Y): this LUT 50c takes yeOow as an input variable and oorrects the final output yellow amount for lineari- 
zation and dot gain of the output device. 
so 1 2} i^ut(K) : this LUT 50d takes t)lack as an Input variable and oorrects the final output tslack amount for ilneariza- 
tkm and dot ^n of the output device. 

13) l=tout(R): this LUT 50e takes red as an input variable and coirects the final output red amount for linearization 
and dot gain of the output device. 

1 4} Gout(G}: this LUT 50f takes green as an input variat>le and corrects the final oulput green amount for lineariza- 
55 tkin and dot gain of the output devica 

1 5} Bout(B}: this LUT 50g takes blue as an input variable and correcte the final output blue amount for |}nearizatk)n 
and dot gain of the output do/fce. 
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The LUTs can be easily tfvided into four functional groups: Gray balance, Bteck balance, RGB boost, and Output 
linearization. The Gray bateince group consist of Oin, Mlin. and Y&n. These tables pnxluce a neutral gray for equaJ 
anxHjnts of Input RGB (which are translated into CMY). The Gray balance is what primarily needs to be changed rf a 
sGghtly cfifferent set of primary color inte is used. The Black balance group attempts to correct the printing process from 

5 the skeleton black that is put into the algorithm by removing the maximum amount of "blackness** from the 3-component 
colors of CMY. This Is accomplished l3y taking the least amount of common cyan, magenta, and yeflow, and making that 
quantity the proposed black amount While skelelan black usuaOy results in the smallest max dot percent it also pro- 
duces weak black ooiors. Most printing estabfishnwils strike a compromise between skeleton black Images and full 
t)lack images. The Ktabie determines how much of the maximum black ttiat was pa-mitted to exist wiD remain in the final 

70 image. UCA determines how muc^ of the black that was taken from the CMY components wiQ be returned to them in 
order to produce a rich 3*color black in adcfition to the K component black. The RGB boost group determine how much 
of the dominant colors in CMY will be replaced by RGB, respectively Only one color from RGB will be allowed to print 
in any giv&i pixel or rosette. The RGB boost can ather enhance or retard the maximum allowed amount (which is the 
GnaOer of the dominant CMY colors). The RGB boost group mqht also need to be changed if drastically cfifferentpri- 

15 niary Inks were Infroduced into the printing environment The final group is for output linearization. It neecte all seven 
colors to be represented since aO seven may print somewhere in the image. The purpose of having output linearization 
is to take into account minor variarK;es in ink strengths or to compensate for different press dot gains for different colors. 
The output linearization group is typicaily what needs to be changed when a page goes from one press facility to 
another. Assuming proper caHbratlon of the other parameters, only the output linearization group would change from 
20 press to press. 

In the Ibilowing equations, C, C, C", C"* eta will denote the various charrges in the cyan oolor as the various stages 
of processing are applied to It. The same Is true for the other cotor components. The ^me num»-ical example as in the 
previous section is employed. Now the processing performed by the digital color separatksn computer 1 5 shown in Fig. 
1 will be described with reference to Fig. 4. f^tote that in Fig. 4. all of the geometrical objects whk:h contain a number 
^ (example, a cube with the mimber 3 irade) refer to the nunU>er of ooiors involved at that stage of the process: 

1) inputCOk)ris:R«70%G«62%B>i30%-see20 

2} the process 21 uses equations 1-3: the resultant ooiors C «> 30% M » 38% Y » 70% are shown as geometric 
30 object 22 

3) the proposed K. as shown in the process 36. with a resultant K = 30% (see 37) is min(C.M.Y). 
4} rennova K from CMY as shown In process 23 wHh the result: C » 0% M' » 8% Y* » 40% - 8ee24. 

35 

Si the single input variable table for UCA depends only on K and generatee the UnderCdor Addition value shown 
at table 25, which in turn determines irrtermed^te C'MTK values calculated in process 26 and shown at 27. The 
Ktabie 0 shown at 29 transforms the input value of K found in 3} and creates the standard black value in process 
28. The new intermediate values of G'M'Y'IC are shown at 30. 

40 

6) the RGB boost amount Is based only on the two largest conponents of the original CMY set. In this example, 
the largest component is Y » 70% and the second largest oompon^t is M a 36%. This means the RGB boost will 
come only from the YMQ functton. TTie input parameter to YMQ is the minimum value of either Y or M. In this par- 
ticuiar exanple, YM(M) denotes the correct input parameter. which in cases of this exanple wiii yield the output 

45 value for YM(M = 38%} = -5%. What this means Is that the R value will be decreased by 5% over its theoretically 
computed value of 8% R is initially sot to 8% since that is the «nallest of the Y' and M* conponents (which, when 
mixed together in equal amounts, yields red). The resultant selection of the dominant secondary color, S, which 
was the color red in tiiis example, is denoted as the process 31 in Fig. 4. The three tables 32 represent the choice 
of CYO, YMQ. and MCQ to match the dominant color S, which is shown at 34. In the example of red as the dominant 

BO color, the YMQ table was used. The Y* and M* values are used, rather than Y and M, to compensate for the black 
that has previously been removed from these two colors. Using Y and M as the values for the input parameter, 
rather than Y* or M\ is simply a matter of convenienca Either set would work, and the corresponding YMQ function 
would ju^ need to be caiasrated differently to comper^ate for K having been previously removed. The YM(M} = - 
5% means that R wiii have a -6% added to its computed value and that M* and Y wili have - 5% subtracted from 

ss their previous amounts. Sex R =» 8% + (-5%) = 3% and IVT' = M'-(-S%) = 1 3% and Y" = r - (-5%) = 45%. This process 
is shown at 33 in Rg. 4. These are not the true intermediate values since the UCAQ function is added to the result 
and to perform gray balanca The result Is shown In 7). 

7) combining 5) and 6) together and using the Gr^ balance functions to achieve neutral grays: 
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C" « C + Clin[UCA(jq] » 0% + Clin[ie%l - 0% + 14% - 14% 

M" = M- + MlinIUCA(K) - YM(M)1 = 8% + Mlin[1 6% - (-5%)] « 8% + Mlir<ie% + 5%] = 8% + MBn[21%] » 8% + 20% = 28% 

Y- « Y + YIIn[UCAW - YM(M)] = 40% + Ylinll 6% - (-5%)] = 40% + YIin[ie% + 5%] = 40% + YI(n[21%] = 40% + 22% = 66% 

K* » Ktabie[K] a KiBble[30%] » 37% 
H = min(r .M") + YM(M) - M' + YM(38%) o 8% + (^) - 3% 
Q 9 B a O tor this example. 

Meaningful values of ainD, MlinD, YIInD, and KtableD have been selected to demonstrate typical values for 
these types cf corrections. AD of the processes performed In 7) yield typically 5 colors shown at 35 In Rg. 4. 

8) To all of the values in 7}. incbjding the colors that may be zero at this point, the A values are added which are 
based on the original CMY numbers. The A values are derived from sparsely populated tables that cover the com- 
plete color space, shown at the A table 38 in Rg. 4. A A value for a specific CMY set is interpolated from neighboring 
CMY vahies in the tables to produce the most accurate approxlmatfon. The CMY values used for interpolation are 
shown as the dotted line 55 in Fq. 4. Note that the As are signed quantities, which wfll be desaibed more fully in 
the next section: 

C-^ = C + A(CMY cyan) 
M"' a M** + A(GMY. magenta) 
Y"aY" + A(CMY yeOow] 
K"«IC+A(CMY blade) 
R*»R + A(CMY red) 
G- » G A(CMY green) 
B'oB + A(CMY, blue) 

This collection of seven total cobrs is shown at 54 In Fig. 4. 

9) AO of the quantities In 8) are now con'ected for output linearization (see 39 in Rg. 4} to match specific dot gains, 
or specific pressee. etc: 

C'-aCoutlCT 
M-- = Mout[MT 

r-»\bijtm 

K^oKSputpCI 
R" - RouttR] 
« GoutlGl 
B^-BoutfBI 
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The final result off aO processes from the input pixel 20 to the output pixel 40 or 41 can contain from 4 to 7 non-zer^ 
colas. The determination of whether 4, 5, 6. or 7 colors print depend on the input pixel 20, and on all of the associated 
LUT tables and the A taUa 

Specific percentage values for steps 8) and 9) were not given because they depend on interpolation tables ard on 
5 output Gnearization tabtes which are conceplually very ampl& The A(CMY. oolor) denotes that the Interpolation 
depends on CMY as input values, but only a specific color's interpolation is added back into the calculations. Another 
way to state this is that there is a unique set of values for CMY, which is C » 30% M = 3^ Y = 70% for this example 
and shown at 52 in Fig. 5. However, once the entry into the interpolation table is found, there are separate values for 
cyan, magenta* yeOow. black, red. green, and blue from that spedf ic table entry. These seven delta values are shown 
10 at 51 in Fig. 5. Only the prq3er color component is added back to correct each of the seven colors. 

TTie A Table Values : 

As referred to above, and as shown In Fig. 5. a A table (also toiown as a color correction table) is schematically lllus- 
16 trated at 53 in Rg. 5. This color correction table (also known as a A table) provides corra:tion factors to model real world 
inks. 

The A values introduced in item 8) of the previous section contain all the empirical correctfons to the mathematical 
formulae tftat have thus tar been used to transform an RGB input set into a CMYKRGB collection of seven separations. 
The A values have a unique feature in that they are zero-based. This means that the initial state of all the entries is zero. 
20 This would correspond to perfect printing inks with perfect combiimtional linearity and printing tack. Non-zero A values 
represent the corrections needed to compensate for imperfect ink. Because commercial printing inte are not chiomat* 
ically pure, and have many physfoal properties which complicate the printing process, the connections tor these proper- 
ties are encapsulated in the A table. 

As a matter of ccnputational convenience, the A table uses ChAY (the original values derived from RGB by equations 
26 1 -3) as the input parameters. CMYK or C^M-'Y-'K" could have also been used, but they wouW increase the size of the 
table vkrith little improvement m output accuracy. Since the A table is very sparsely poputated (a complete table for CMY 
wouW require 16.7 million entries), interpolation is required to provide the best accuracy for data points which do not lay 
cErectly on specific table values. The choice of interpolation technique (for example, nearest ne^hbor. bi-linear interpo- 
lation, cubic spline, to name Just a few) b dependent upon the desired accuracy. There is a direct trade-off between 
30 sophistication of the interpolation technique and the size of the table to achieve the same level of accuracy Empirical 
tests have indicated that a bi-llnear Interpolation technique coupled with a table containing 32.767 entries yields accept- 
able results. 

The table method descrSsed herein is just one of many diffarent possible conf iguratfons. This table configuration is 
called additive/multiplicative because Hs correction factors can be either additive or multiplicative on a per element 

3S basis. This gives tremendous f lexibHity in permitting laige con'odfons with moderate enrors, or small con-ections with no 
errors al all. The table, as descrfoed in this axairple. has 32,767 entry points. An entry point is delemfilned by taking the 
5 most significant bits for each of the three components CMY, and then taking that 15-bit value as an address of the 
delta values. Since there are 7 values of output for each table entry (a delta for C, for M. for Y. for K. for R. for Q, and tor 
B). an integer multiplied by 7 of the 1 5-brt table address win yield a real base address in linear memory In this example. 

40 the A table will occupy (2**15) * 7 bytee = 229.376 bytes of memory This is not an excessive amount by today's oom- 
. puter memory standards. Smaller tables could be constructed by only using the 4 mosX significant bits for each of CMY 
as the input address. 

Once the input address erf CMY ylefcls the specific A table address, the 7 bytes tocated at that entry point are asso- 
ciated with CMYKRGB colors. Note that the A table connection can ^ct all 7 separation cotors even though the math- 

46 enratlcal treatment of the 7 oolor separalton only had at most 5 colors present (see 35 In Rg. 4)(and only 4 colors having 
signaicant contributions). The abQity to have aO 7 separations receive corrections is a generality of the process. In prac- 
tical applications of 7 cofor printing, 5 cotors at most would be preset in a given output pixel. In a rare case where the 
creator of the A table seeks to create special effects, the table could be adjusted to allow all 7 primary cotors to be 
present in dark regions of an image. This would produce extremely high density blacks. It would also require that the 

so press be driven very slowly because of the 500% max dot that would be present. 

The individual components of a given A table entry point, called delta elements, are desoibed in this patent spec- 
ification as comprising a single byte. This is for memory conservation. However, 2-byte and 4-byte delta elements are 
rasOy constructed. The 8 bits within a byte are considered to be numbered from left to right as bit 7 through bit 0. Bit 7 
in this example is considered to be a flag bit with 0 representing that the con-ectton is done with addition, whereas a flag 

SB bit of 1 would indicate that the correction is accomplished via multiplication. Bit 6 is considered to be a sign bit for both 
the additive and multiplicative operations. Bit 5 through bit 0 contain the numerical value of the correction. This con- 
struction allows additive oorrecttons from -64 to -h64 units (In dedmaQ and the muMpHcaUve corections aOow plus or 
minus 197% c^ianga In 3.1 25% steps. The combination of multiplteatlve and additive corrections aOow a wide variation 
of change. An alternate algorithm has been constructed that consists only of a sign bit and 7 bits of nuneric value for 
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additive changes only The 8ame has been done with a multipiicatfve table oonsisting of a single sign bit and 7 bits of 
numeric value. Both of the alternatives have specific advantages, but the combined additiveAnultilplicative Atable seems 
to produce excellent images wftfi no noticeable loss of resolution. 

5 Calibration cf 7-Cotor Systems 

The process of creating the LUTs shown in Fig. 3 and A table values shown in Ftg. 5 are rather stFaightfonward. Ini- 
tially; an tables are set to unitary transformations, that is, each input value gives the same output value The A table is 
created with all zeros which Imply no oorrecticn at all. The first step is to print a series of step wedges In nsutral gray 

70 (I.e. . C a M a Y and K = O). From samples of the printed results, any color cast in the step wedge requires a correspond- 
ing negative adjustment from a straight line curve of the corresponcfing color. This will calbrate the OinQ, MllnQ, and 
YlinO values. Once the color gray scale has been properly balanced, then a llill color gray scale step wedge is printed. 
Measurement of the total anxwnt of ink present on the paper will allow the KiabteQ to be adjusted so that % max dot 
and smooth color steps are otstalned. TTie UCAQ table is also adjusted at this time to be sure that Itiere is a smooth tran- 

75 sition in the dark areas of the image and that sufficient derisity of ink is present in the shadows. 

Pie shaped step wedges of cyan and magenta, magenta and yellow, and yeflow and cyan are also printed going 
from black to saturated colors. The same procedure is used going from white to saturated odor. An optical investigation 
of the smoothness of the transitions from cyan to blue to magenta will detennine the F^QB boost needed in the MCQ 
table. Similar printings will provide the basis of the CYQ ad YMQ boosts. 

20 Once all of the input tables have been adjusted, it is time to print a broad gamut coior patch table like Kbdak*8 Q- 
60A or the IT8.7/1 and /2. From the large number of patches, one can find the areas where there is s^nlf icant odor shift 
The A tabls can be manipulated directly by making snnall changes from the zero values. If one uses the IT8.7/1 or /2 
targets, known CIE Lab valuee are output for each patch. One can measure what the printed output for each of these 
patches is with the 7 color output. The differences can be converted into an en^r signal which is tnuislated into RGB or 

25 CMYK differences. These values can then be directly entered into the table. Smoothing calculations will need to be 
employed to be sure that no cotor "spikes" appear in the A tabia Through an iterative process, the A table can be con- 
structed in typically ten iterations of output, measurement and correction to the tables. Once the A table appears rea- 
sonably stable, a least-square mapping program can smooth out the correction data to produce the most unifbnn 
printing results. 

30 The seven output linearization tables need to come from measuremertt of the dot gain and other forms of press gain fbr 
a specific machine. These measurements are typically done once with step wedges done in all seven primary colors. 

Although vanous minor changes and modifications might be proposed by ttiose skilled in the art, it will be under- 
stood that I wish to indude within the daims of the patent warranted hereon all such changes and modifications as rea- 
sonably come within my contribution to the art. 

55 

Claims 

1 . A method for creating at least five cdor separalksns for Input to a raster image processor (RIP) for creation of at 
least five screen separattons for use with at least a five color press to create at least a five odor printed page, oom- 

40 prising the steps of: 

- creating a scanned digitized image comprising at least three primary cotors k)y use of a scanner and oulputting 
said d^Hized image as at least three digitized odor Image signals: 

- inputting saM at least three digitized color image signals into a d'Qital color separation computer which is sep- 
45 arate from the scanner, and using sakj distal odor separatton computer to create at least five single color 

unscreened image separations in the form of conrputer files; 

- inputtkig sakf computer files to the RIP to create at least five single color screen separations in the form of elec- 
trical signals; 

- feeding said electrical signals to a film recorder to create at least five single cdor screen separation films; and 
so ' using the at least five single color screen separation fibns in conjunctkin with at least a five color press to create 

the at least five cdor printed page. 

2. A method according to claim 1 induding the step of providng corredion tables in the fcrm of Ljook Up tades (LUTs) 
for storing printing environment parameters and in the form of a coior correction tade (A table) for provkling correc- 

ss ttons to model real world inks; and 

- loading the oorrectton tables into the digital odor separation computer and utilizing them in conjunction wHh 
creation of the at least S single cdor unscreened Image separattons. 
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3. A method according to claim 1 incTuding performing with said digital color separation computer the foflovnng steps: 

using at least one of the LUTs, computing corresponding tour color signals from the three digitized color image 
agnaJs input into the digital color separation computer, and, using at least one of the LUTs. deriving three 
s coiofs from ^ three digitized color image sigrals; 

• using a plurality of the LUTs, creating a fifth color from the four coto* sgnals searching for a maximimi sat- 
urated color from the three derived colors; and 

• aeating at least 5 contone color separations 1^ applying correction Victors from the A takale and a plurality of 
the LUTs to the at least 5 color signals. 

ro 

4. A method according to daim 2 including the step of providing said con-ection factors as a group of tables on a com- 
mon storage media which can be utiflzad with a plurality of different five color presses wHhout significant ac^Lotment 
of the oonrecticn factors. 

75 6. A method according to claim 1 1ncluding the step off utilizing said digital color separation conputer to create seven 
single color separationa 

e. A method according to daim 5 wherein the seven single color separations comprise RQBCMYK. 

20 7. A method according to claim 1 wherein said digital separation computer loads in correction ftetors in creating saki 
at least ftvs single color unscreened Image separations, said correction factors oomprising printing environment 
parameters. 

8. A method according to claim 7 wherein the printing environment parameters comprise purity off printed inks, purity 
25 of paper on which into will print, and maxin^im dot percent on the printed paga 

9. A method aocording to daim 1 wherein the digital color separation computer shares hardware off the RIP. 

1 0. A method for aeating at Irast fflve odor separations for Input to a raster Image processor (RIP) for creation of at 
30 least five screen separations for use with at least a five color press to create at least a five color printed page, com- 

prk»ing the steps of: 

- creating a plurality of oon-ectlon factor tables having correction factors for a plurality of printing environment 
parameters; 

55 - creating a digitized image formed of at least three digitized color image signals: 

inputting said dlgHlzad color Inmge signals into a dIgitBl color separation computer, and using said digital color 
separation computer to create at least five single color unscreened image separations in the form of computer 
fOas by use of said correction factors; 

• inputting said computer foes to the RIP to aeate at least five single odor screen separations in the form of elec- 
40 trical signals; 

- feeding said electrical signals to a film recorder to create at least five single color screen separation films; and 

- using the at leastfive single color screen separation films in conjunction with at least a five color press to create 
the at least five color printed paga 

45 1 1 . A mtf hod for creating at least five odor separations for input to a raster Image processor (RIP) for creation of at 
least fflve screen sepaiations for use with at least a fflve odor press, oomprising the steps off: 

- creating correction tables in the form of Look Up tables (LUTs) for storing printing environment parameters and 
in the form of a color correction table (A table) for providing corrections to model real world inlQ; 

so ' providing a scanned digitized image represented by at least three digitized color image senate; 

• inputting said at least three digitized color image signals into a digital color separation computer; 

- with said digital odor separation computer, and using at least one off the UJTs, computing conresponcfing four 
color agnate from the at least three ctigitized cdor image signals, and using at least one off the LUTs. deriving 
three cdors ffrom the at least tiiree digitized color image signals; 

ss - using ttie digital cdor separation computer, and using a pluraUty off the LUTs, creating a fifth cobr signal from 
tiie four cdor signals by searching for a maximum saturated color from the three derived cdors; 
using said digital cdor separation computer, creating at least five contone color separations tsy applying cor- 
rection factors from the cdor correction table and a plurality of tiie LUTs to tiie at least five odor signals, said 
Oder separations being in the fonm off computer files; 
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inputting said computer files to the RIP to create at least five single color screen separations in t^e form of elec- 
trical signals; and 

feeding said electrical signals to a film recorder to create at least five single color screen separation films which 
can be tmed in conjunction with at least 5 color press lo aeate at least a 5 color printed page. 



13 



EP0735 743A2 



Three 
Color 
(RGB) 
Contone 
Image 
Scanner 



11 



8 



Look-Up 
Ta bles 

(LUTs) 



15a 



n 

15b 



Computer 
Generated 
Three 

Color 

(RGB) 
Coatone 
Image On 

Disc 



13 

U 



12 

U 



Color 
Correction 
Table 
(AT able) 



Computer 
Generated 

Four 
Color 

(CMYK) 

Contone 
Image On 

Disc 



Converter 
CMYK-^RGB 



10 



FTG 1 



-14 



Load Created Correction 
Tables (LUTs and ATabIc) 



Using at least one LUT^ 
Compute Corresponding 
4 Color Signals (C"M"Y"K") 
From 3 Input Digitized Color 
Signals (RGB); and, using at least 
one LUT, derive 3 Colors from 
the 3 Input Digitized Color 
Signals (RGB) 



ISc 



r 

15d 



Using a plurality of LUTs, 
Create Fifth Color Signal 
From the 4-Color Signals 
(CM^Y'^K") By Searching 
For A Maximum Saturated 
Color Prom the 3 Derived 
Colors 



Create at least 5 
Contone Color Separations 
By Applying Correction Factors 
From the ATable and a 
plurality of the LUTs To The 
At Least 5 Color Signals 

I 



Digital Color 

Separation 

Computer 

For Generating At 
Least 5 Contone 
Separations 
(CMYK Plus Sth 
Color) 

— ^16 



1 



RIP and Recorder 
For Creation of at 
least 5 Color 
Screen Separations 



17 



At least S Color 
Press 



18 



Customer 
Printed Page 
(At Least 5 
Colors) 



14 



EP07K743A2 




50a SOb SOc 50d 50e 50f SOg 



EP0735 743A2 



^^JQ^GB (3 colors) 



Inpu 

pixel ^ j 

find simple 
sublractive 
colors 



FTG. 4 



Index 
of CMY| 
into 
Atablel 



55 



CMY 

36 



C_ 

find black 
K using LUT 



jL 



3 elements in 
select table 
entry 

A ^ 

Table 




7 elements 
come out of 
each table' 
entry 




23 



LUT 



remove 
common 
black 




C'M'Y'K' 



25 



J 



^ 26 



linearize for nuetral 
black in ckromatic 
elements C'M'Y' 

I 



29 




LUT 



33 



C'M'Y'K' 



28 



adjust pure 
black, K' 



remove secondary 
color S from 
C'M'Y'K' 



30 



3^ typically 
5 dominant 
colors 



C'M'Y'K" 



LUTS 



cyan 



<-Ac + cyan 



if 



magenta' <-AiQ+ magenta (54 



yellow' <-Ay + yellow i wwai leasi 3 wim 

black' <-Ak + black ^7 ^potential of up to pinal PUel 

red <-Ar + red 11^17 color output (4 to 7 colors) 

green' <-Ag + green i ^ ^ r / 

blue' <-Ab blue 



S 34 



at least 5 with 



find dominant 

secondary color, 

S 



output 

linearizationl^. 



using LUTS 



39 




16 



EP0735743A2 



%0i 



o 



9 O 

» 5 

6 a 

etf U 

^ <*-r 

« ^ «' 

£ j3 o. 



r 



1 



W-) CS O _ CO •-' o 

+ ' T + + 
II N II II II II II 



< < < < <3 <1 < 





/ 




/ 




/ 




/ 




/ 




/ 




/ 




/ 




/ 




/ 




/ 




/ 




/ 




/ 




/ 




/ 




/ 




/ 


-----^ 


/ 




M 

PO 
O 11 

04 



17 




This Page Blank (uspto) 



